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"Apparatus and method for delivery of medicaments to the respiratory system' 1 



introduction 



This ulverition relates to apparatus and methods for delivery of medicament to the 
respiratory system of a patient In particular, the invention relates to apparatus and 
methods for me with a nebuliser. 



It is kho\vn to 

respiratory system of a patient Typically the medication is placed in a cup which is 
held over a reservoir of buffer water. A piezoelectric element is vibrated 

aerosol to be formed in the medication cup. Baffles are provided between the 

^ medication 
rain out on the baffles and drip back down into the medicate 

However, these nebulisers suffer from a number of disadvantages. In particular, 

20 consistent across the range. Thus the medication particle size is not accurately 

controlled and a bro^ ifi to: th^ piitierit aiiw^ impaction 

: : ::7:::^';:.:the larger particles wi|h tfie rains out 

drips back into the cup only to be nebulised again. This impaction of the nebulised 
25 medication may degrade or destroy the indication; and this is particularly the case 

fpt long molecular structures , such as proteins. ; ; ; ; 

The medication in the cup is direct^ exposed to the airway. Therefore the nebuliser 
must be maintained substantially horizontal at all times to prevent medication 
30 spilling out into the patient airway. Also tlie ventilator pressure may be lost when 

the medication cup 
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This method of aerosol generation requires a relatively large amount of energy. The 
response time of aerosol generation Is therefore large. A considerable amount of 
heat is generated during use Of the nebuliser, therefore to prevent patient discomfort 
5 or injury the nebuliser must be placed away from the patient. This necessitates a 

long inhalation tabe b^ drug loss 

through rain out along the inhalation tube, and further increases the response time to 
patient inspiration. Furthermore the generated heat degenerates the medication, 

This invention is related to apparatus and methods for delivery of medicament to the 
respiratory system of a p^ at least some of these disadvantages. 



15 Statements df Invention 



According to the invention, there is provided an apparatus for delivery of a 
medicament to a respiratory system, the apparatus comprising:- 

^ a reservoir for a 

the reservoir having a liquid medicament inlet port arid a medicament outlet; 

toaerosdlg of &erbs^ aero^olising 

■2-5- Viaiiqiiiid^ 

a connector for entraining an aerosolised medicament from the aerosol 



30 



toone^ 

is a lower outlet for gravitational flow of a liquid medicament from the reservoir to 
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25 



the aerosol generator. In one case the apparatus comprises a plug for selectively 
sealing the inlet port. The plug may be attached to the reservoir for movement 
between a sealed position and an open position Ideally the plug is attached to the 
reservoir by an arm. The arm may be biased towards the open position. 



In one embodiment the arm defines a hinge for pivoting of the plug between the 
sealed position and the open position The hinge may be a live hinge. 

In pother embodiment the plug is integral with the arm ; Ideally the arm is integral 
10 with at least part of the reservoir. 

In another embodiment of the invention the reservoir defines an access opening in a 
wall of the reservoir to facilitate access to an interior of the reservoir, and the 
I H f caj) f dir md^t^ : at tHie abbess ; bj^hing. The inlet port may be 

15 sm^ 

; : \ : v: v : the: cap. Ideally the plug is integral with ^ c^: ^ drie case the cap is mountable at 



In one embodiment the plug seals the inlet port in a snap-fit arrangement. 

An interior surface of the reservoir may be configured to promote flow of a liquid 
medicament towards the aerosol generator. Ideally the interior surface of the 
reservoir is inclined towards the aerosol generator. The reservoir may define a 
^uj^^tMiy least in the region adja<^rit the aerosol generaitor. ■ : 

In another embodiment of the invention the connector comprises a gas conduit 
having an inlet and an outlet, and an aerosol supply conduit for delivering am 
aerosoUsed medicament from the aerosol generator into the gas conduit to entrain the 
aerosolised medicament with a gas. 



30 
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The aerosol supply conduit may subtend an angle of less than 90° with the inlet of 
the gas conduit. In one case the aeros ol supply conduit subtends an angle of less 
than 80° with the inlet of the gas conduit. Ideally the aerosol supply conduit 
subtends an angle of about 75° with the inlet of the gas conduit 

In another embodiment the aerosol supply conduit is co-axial with the inlet of the gas 




In another embodiment of the invention the aerosol supply conduit subtends an angle 
of 90° with the inlet of the gas conduit 

In one embodiment of the invention the apparatus comprises a respiratory conduit for 
15 connecting the outlet of the gas conduit to a respiratory system. The respiratory 

conduit may be ^ connector at the pud^ 

In one case the respiratory conduit is releaisably mounted to the connector at the 
outlet of the gas conduit The respiratory conduit may be mounted to the connector 
20 by an interference fit between the respiratory conduit and the outlet of the gas 

conduit. 

In another embodiment of the invention the appiaratus comprises an intermediate 
: : connector mounted between the respiratory conduit and the outlet of the gas conduit 
25 The intermediate connector may have a lumen extending therethrough, and the cross^ 

sectional area of the lumen may vary along the length of the lumen. Preferably the 
cross -sectional area of the lumen varies in a discontinuous manner along the length 
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In one case the respiratory conduit is mounted to the intermediate connector by an 
interference fit between the respiratory conduit and the intermediate connector In 
another case the intermediate is mounted to the outlet of the gas conduit 

by an interference fit between the mtermediate connector and the outlet of the gas 
■conduit. 



Ideally the intermediate connector comprises handle means for gripping the 
intermediate connector. The handle means may comprise one or more formations on 
the intermediate connector Preferably the formation comprises a protruding flange. 
{ > 10 Most preferably the haridle means comprises two substantially diametrically opposed 

• ■• '■■[■■■■ •■"■'y 

in one embodiment the respiratory conduit is moveable relative to the gas conduit 
Ideally the respiratory conduit is rotatable about the longitudinal axis of the outlet of : 
15 the gas conduit. 

In one case the respiratory conduit is selected from a group consisting of a 
mouthpiece, a face mask, and an inter-tracheal tube. The respiratory conduit may 
comprise an intermediate portion between the outlet of the gas conduit and the 
20 mouthpiece, or the face mask, or the inter-tracheal tube, the intermediate portion 
being moveable relative to the mouthpiece, or the face mask, or the inter-tracheal 
tube. In one embodiment the respiratory conduit defines a delivery path to a 
respiratory system, the delivery path being defined by a distance between the aerosol 
generator and the respiratory system, the delivery path having a length of less than 
25 about SdOmmo The respiratory conduit may have a delivery path of less than about 
•„■ •;; 3^ ! ■ . 



Li one case the deUv&y path is substantially free of baffles and/or flow disrupters. 
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In another embodiment : the respiratory conduit includes a Y-shaped section which 
separates into a first arm for inhalation to a respiratory system and a second arm for 
e^ 

5 | The apparalOf s may cq^nse a ventUatbir cdriduit inlet of the gas 

conduit to a yentUator, : ; Ih one case the veritUa tor conduit is mounted to the 
connector at the inlet oi;t^ Ideally the yieritilator conduit is releasably 

mounted to th^ cbhh may 
be mounted to the connector by an interference fit between the ventilator conduit and 
£j 10 the inlet of the gas conduit 



In another embodiment of the invention the apparatus comprises an intermediate 
connector mounted between the ventilator conduit Md the inlet of the gas conduit 
The intermediated may have a lumen extending therethrough, and the cross- 
15 sectional area of the lumen may vary along the length of the lumen. Preferably the 

cross-sectional area of the lumen varies in a discontinuous manner along the length 
of the lumen. 

In one case the ventilator conduit is mounted to the intermediate connector by an 
20 interference fit between the ventilator conduit and the intermediate connector. In 

another case the intermediate connector is mounted to the inlet of the gas conduit by 
an interference fit between the intermediate connector and the inlet of the gas 

[z^y-'"^'"^ ::^::. : ':y::' : :: :. . 

25 Ideally the intermediate connector comprises handle means for gripping the 

intermediate connector. The handle means may comprise one or more formations on 
the intermediate connector. Preferably the formation comprises a protruding flange. 
Most preferably the handle means comprises two substantially diametrically opposed 
pinotradin ... 
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In one Mbodimeiit of the invention the apparatus comprises an aerosol generator 
housing in which the aerosol generator is held, and the connector is mounted to the 
aerosol generator housing. The connector may be releasably mounted to the aerosol 
generator housing. Ideally the connector is mounted to the aerosol generator housing 
5 by fit between the aerosol generator housing arid the aerosol supply 

conduit. The connector may be mounted to the aerosol generator housing by an 
ihterf 6r6hce fit between the aerosol generator housing and the inlet of the gas 
conduit. 

10 In one case the aerosol generator housing is fixed to the reservoir. 

The aerosol generatqr^ be integral with the reservoir. 

In another case the apparatus comprises a signal interface to receive a control signal 
15 to control operation of the ; aerosol generator. The apparatus may comprise a 

cbritrbller to control operation of the aerosol generator, the controller being 
; connec table to the sighal interface. In one embodiment the controller has an on- 
b^ 

connector being connectable to a remote power source. 

20 

In another embodiment the controller coiripris^ a timer to aUtornatically switch the 
aerosol generator between an active state and a rest state.; The timer may be 
selectively programmable. 

25 The controller ideally comprises a user interface to selectively control operation of 

the aerosol generator. The user interface may be remote from the aerosol generator 
housing. 



30 



In another embodiment the controller comprises status indication means to indicate 
the operational state of the aerosol generator. The status indication means comprises 
at least one visual indicator. 
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Ideally the controller comprises a housing having a support to receive a mounting 
device. The support may comprise a recess in the housing for receiving a mounting 
device. In one case the support comprises at least one ledge overhanging the recess 
5 for engagement of a mounting device in the recess. The support may comprise two 

ledges on opposite sides of the recess. 



In another case the apparatus comprises a mounting device to support the controller, 
:::::./. The mounting device may com fqr attaching the mounting device to a 

[ ) 10 support; and hook means for supporting the tioiising, the hook means being 

(^itfi^ed to define ia plurMity of support surfa^ for supporting the housing in an 
upright configuration; In one embodiment the support surfaces each comprise a lip 
protruding from ia main body of the mounting device The lip may be engagable in 
ffie r^ss in the housing to support the ctontro^^ the hook means defines 

15 : four support surfaces. Each support ^ to an 

adjacent support surface. 

In one case the attachment means is releasable. Ideally the attachment means 
comprises a clamp. 



20 



25 



Iri inother embpdime^ means is mpyajble relative to the attachment means 

to selectively disassociate the hook means from the attachment means. The 
attachment means may define a groove in which the hook means is slidable to 
selectively dis associate the hook means from the attachment means 



^: :-: : : . jia: :*: i^offi<br.:. : ;oase": ;*tfie; . ;^ejro^>i generator cbn^ having a 

plurality of aperture extending between a first si«^ thereof. 
The first surface may be adapted to receive a liquid; medicament from the reservoir. 
Ideally the aerosol generator is configured to generate an aerosol at the second 
30 surface. :: In one case: the vibratable member is; dome shaped in geometry. The 

vibratable member may comprise a piezoelectric element. 
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In another embodiment the apertures in the vibratable member are sized to aerosolise 
the medicament by ejecting droplets of medicament such that about 70% or more of 
the droplets by weight have a size in the range from about 1 to about 5 micrometers, 



In another ;£Epect : of ; die invention, there ; is provided a kit for delivery of a 
iiiecUc&^ 

an apparatus of&eiiw^ 

a supply container for delivering a liquid medicam^ through the inlet port 
; into the reservoir. 



In one embodiment of the invention the supply container defines a delivery tip 
15 configured to mate with the inlet port of the reservoir for delivering a liquid 

medicament through the inlet port into the reservoir. The delivery tip may be 
configured for insertion at least partiaUy through the^M 

In another embodiment the supply container has indication means to indicate the 
20 volume of liquid medicament delivered into the reservoir. The indication means may 

be provided by at least one marking on the supply container. 

In one case the supply cdntaiiier comprises a nebule. In another case the supply 



According to another aspect, the invention provides a connector for entraining an 
aerosol is ed medicament with a gas to deliver the medicament to a respiratory system, 
the connector compriising:- 



30 



a gas conduit having an inlet and an outfet; and 
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an aerosol supply conduit for delivering an aerosolised medicament into the 
gas conduit to entrain the aerosolised medicament with a gas; 

::"'!::.' : :.tfae;: i^nhectoir.;: co^pi^ixis:; a-; ;cap ; ;tQ .-; selectively " s.eAl the aerosol supply conduit 
5 to mairitem connector is hot iniise. 

In brie v e 

In a further aspect of the invention, there is provided a method of delivering a 

10 

providing a reservoir for a liquid medicament to be delivered to a respiratory 
system; . . 

15 delivering a volume of the liquid medicament into the reseivoir; 

providing an aerosol generator for aerosolising the liquid medicament; 

arranging the aerosol generator beneath the reservoir for gravitational flow of 
20 the liquid medicament from the reseivoir to the aerosol generator; 



delivering the aerosolised medicament to the respiratory system; 

25 

r;/r- ; '--:*- : :'-^ the step 6f entraining the 

aerosolised medicament with a gas before delivering the aerosolised medicament to 
the respiratory system. 
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30 The aerosol generator may be mounted to the reservoir beneath the reservoir; 
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In another case the method comprises the step of vibrating at least part of the aerosol 



25: 



Ideally the method comprises the step of delivering a further volume of the liquid 
5 medicament into the reservoir. The further volume of the liquid medicament may be 

liquid medfc 

been aerbsolised. Alternatively the further volume of the liquid rhedicament may be 
delivered into the reservoir before all of the liquid ^ 

beeil ^rpsolised; 

medicament into the reservoir. IdeMly the ^ before the step of 

15 ; aeroso^m^ 

The inlet port to the reservoir is distanced from the aerosol generator to create a 



jge^^tofe 
m^p^m^ 

medic^ehti 



• ^ the 
aerosol generator. This arrangement minimises the residual volume of the liquid 
medicament remaining in the reservoir after use; and; also enables the volume of the 
liquid medicament delivered to the respiratory system of the patient to be accurately 
30 controlled. 
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The reservoir may be quickly and easily filled or refilled without requiring 
dismounting of any parts of the assembled apparatus. 

The apparatus of the invention may be quickly and easily cleaned, for example by 

opening to facilitate cleaning of the interior of the reservoir through the access 
opening, and also to facilitate egress of material and/or cleaning fluids out of the 
reservoir through the access opening. :•:. 



o 



TO 



Brief Description of the Drawings 
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The invention will be more clearly understood from the following description of 
some embodiments thereof, given by way of example only, wim reference to the 
accompanying drawings, in which:- 



. ?f™'i i ^! ^ ^?o^s _ sectionkl . .•. view, of; ■• aft ■ ■ apparatus for- delivery of 
medicament to a respiratory system according to the invention; 



20 



Fig. 2 is an exploded, perspective view of the apparatus of Fig. 1; 
Fig. 3 is a perspective view of a cap of the apparatus of Figs. 1 and 2; 



25 



Fig. 4 is a perspective view of the cap of Fig; 3 mounted to a reservoir of the 
apparatus of Figs. 1 and 2; 



Figs. 5 and 6 are perspective views illustrating filling ; of me reservoir of Fig. 
4 through the cap; 



30 



Fig. 7 is a perspective view of a controller of the apparatus of Figs. 1 and 2; 
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Fig. 8 is a perspective view of an alterative rcoii^tor''^;&e-appairatitf . of 
Figs; 1 and 2; 



Fig. 9 is a perspective view from beneath of the connector of Fig. 8 mounted 
to an aerosol generator housing of the apparatus of Figs. 1 and 2; 

Fig. 10 is a side view of the apparatus of Fig. 9 in use mounted to a face 
. mask; • . _ - •• 



^ to a 

mou^iece; 



Fig. 12 is a perspective view of the mouthpiece of Fig. 1 1 ; 



: 15 ; ::S;J 3 :| 

Fig. 14 is a perspective view of the apparatus of Fig. 9 in use in a breathing 
circuit; 

20 ; : ■.. . • . : . . . 

Fig. 15 is a perspective view of the connector of Fig. 8 with a cap sealing an 
a^b^ 

Fig. 16 is a perspective view of the cap of Fig. 15; 

25 • 

Fig. 17 is a perspective view of the connector of the apparatus of Figs. 1 and 
2 with the ^ 



Fig. 17(a) is a perspective view of another alterriative connector of the 
apparatus of Figs. 1 and 2, 
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Fi l*; 17(b) is a cross-sectional view alcmg line XYE-XVn in Fig: 17(a); 

Fig. 17(C) is a perspective view of the connector of Fig. 17(a) in a breathing 

:<^^i^::.::::r:v:T::-::;:.:;:.:;::::r.: 
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: Fi l 17 (^: is a r^rspective view of an upstream intermediate connector of the 
apparatus of the invention; 

Fig. 17(e) is a cross-sectional view along line XVin-XVm in Fig. 17(d); 

Fig. 17(f) is a perspective view of a downstream intermediate connector of 
me apparahjsof the mventioh; 



15 



20 



Fig. 17(g) is a cross-sectional view along line XIX-XIX in Fig. 17(f); 

Sot 

connectors of Figs. 1 7(d) to 1 7(g) to the connector of Fig. 17(a) ; 

Fig. 17(i) is a perspective view of the intermediate connectors of Figs. 17(d) 
to 17(g) and the connector of Fig. 17(a) in a breathing circuit; 



Fig. I7(j) is a perspective view of another upstream intermediate connector of 
the apparatus of the invention; 



25 



30 



Fig. 17(10 is a perspective view of another downstream intermediate 
connector of the apparatus Of the invention; 



Fig. 17(m) is a perspective view illustrating mounting of the intermediate 
connectors Of Figs. 17(f) and l7(k) to the Connector of Fig. 17(a); 
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Figs. 18 to 20 are flow: diagrams illustrating operational arrangements for 
Fig. 21 is a plan view of a rear side of the controller of Fig. 7; 

5 ; ' . : ' " ;;; ' . " ' . ; . * ; • 

Fig. 22 is a perspective view along the rear side of the controller of Fig. 21 ; 

Fig. 23 is a perspective view of a mounting devic^ 

10 Figs. 24 and 25 are perspective views of tHe ;m^ of Fig.: 23 

supporting the controller of Fig. 21; 

Fig. 26 is an exploded, perspective view of another mounting device in use 
with the controller of Fig. 21; and 

15 

Fig. 27 is a side view of the apparatus 6f Fig. 9 in use with the controller of 
Fig. 21 and the mounting device of Fig. 26. 

20 Detailed Description 

Referring to the draiwings to 

^ at respiratory 

..;.sy$terh. : ';:::::'::'':;:v: :' : ::':;::: : ,::'':': : - .:..;' '":.':;:'.". ::":: ;:::::: ':::...* ::::::'': : 

25 

^^^^■^ 

respiratory system, an aerosol generator 3 for aerosolising the liquid medicament, 
and a connector 6 for entraining the aerosolised medicament from the : aerosol 

• 7;generator^ 



■ ) 
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The reservoir 2 comprises a lower portion 7 and an upper portion 8, as illustrated in 
Figs, 1 and 2, the^ portions 7, 8 are 

iryectio form the 

• •••••••• .i^6serv:Oir. i2»! '.. 1 t^Brxi^-t i tiii^. •. j3 ort i o ixs 7> 8J could b^ ijiit^^ j^^^lii ! ^^^^.^k^ * such as 

An access opening 9 is defined in a wall of the upper portion 8 of the reservoir 2 
(Fig, 2), the opening 9 facilitating access to the interior of the reservoir 2, for 
example for cleaning the interior of the reservoir 2. The reservoir 2 comprises a cap 
10 10 formduriting a 

is in use (Fig. 1). The cap 10 may define a suitable projecting annular lip 15 for 
snap-fit mounting of the cap 10 at the opening 9. 



25 



The reservoir 2 has an upper liquid medicament inlet port 11 for delivering the liqiiid 
15 medicament into the reservoir 2. The inlet port 11, which is small relative to the 

access opening 9, is provided through the cap 10, as illustrated in Fig. 1. 

A plug 12 is provided to seal the inlet port 11, the plug 12 being attached to the cap 
10 by an arm 13 for movement of the plug 12 between a sealed position (Fig, 6) and 
20 an open position (Fig. 5). The arm 13 include ^ 

:: ;tetw<^ live 
hingfe to bias the anil ^ the open position. A suitable projecting annular 
shoyld^ of the inlet port 11 
'."''^ ■ 



The cap 10, arm 13 and plug 12 may be integrally formed of a polymeric material in 
a moulding process; One suitable material is a silicone material with a Shore A 



The reservoir 2 has a lower medicament oudet 16, and the aerosol generator 3 is 
positioned, when the apparatus 1 is assembled, at the outlet 16 (Fig. 1). In use, the 
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liquid medicament flows by gravitational action from the reservoir 2 to the aerosol 



The lower portion 7 of the reservoir 2 is substantially conical shaped, sloping 
towards the aerosol generator 3 to promote flow of the liquid medicament towards 
the aerosol generator 3 at the outlet 16 (Flow G), as illustrated in Fig. 1. In this 
manner, the residual volume of the liquid medicament that remains in the reservoir 2 
after use is minimised, and thus the volume of the liquid medicament which is 
delivered to the respiratory system of the patient is accurately controlled. 



A typical volume of liquid medicament that can be held in the reservoir is 10ml, or 



The aerosol generator 3 comprises a vibratable member 40 and a piezoelectric 
15 element 42. The vibratable member 40 has a plurality of tapered apertures extending 

between a first surface and a second surface thereof, as described in US 5, 164; 740, 
US 5,586,550, US 5,758,637, US 6,085,740, the entire contents of which are 

20 The first surface of the vibratable member 40, which in use faces upwardly, receives 

the liquid medicament from the reservoir 2, and the aerosolised medicament is 
generated at the second surface of the vibratable member 40 by ejecting droplets of 
medicament upon vibration of the member 40^ ^ surface faces 

downwardly. In one case, the apertures in the vibratable member 40 may be sized to 
25 produce an aerosol in which about 70% or more of the droplets by weight have a size 

; ::::/:.:.^z::^ microme^s. 

The vibratable member 40 is non-planar, and is preferably dome-shaped in geometry. 
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The apparatus 1 comprises an aerosol generator housing 4 fixed to the lower portion 
7 of the reservoir 2, for example by integrally manufacturing the housing 4 arid the 

ioWerj^Mif5n;;7y;.;V..\ ■ 



5 In the assembled apparatus of Fig. 1, the aerosol generator 3 is held within the 

aerosol generator hp^ ing 4 betaeen an upper shield 4 1 and a lower retainer 44. The 
shield 41, the piezoelectric: element "42; arid the retainer 44 have central a 
aligned to facilitate flow of the liquid medicament from the reservoir 2 to the aerosol 
generator 3, and to facilitate passage of the aerosolised medicament from the aerosol 
10 generator 3 into a neck 30 of the aerosol generator housing 4, 



■ An ; O-ring seal M^^^sl^ye- 45 are provided between the retainer 44 and the wall 
of the aerosol g0rieratpr: hpusirig 4; ancl the shield ^l i$;fbu& to the lower portion 7 of 
the r^enrpir 2. ^ Mfir-b be applied to the vibiratab le member 

15 40 to ensure a sterile flow of aerosolised medicament into the neck 30. 

The connector 6 comprises a gas conduit having an inlet 61 and an outlet 62, and an 



generator 3 into the gas conduit to entrain the aerosolised medicament with a gas, 
20 sucft as air, /;p&si^ ; itjieS^gas' ; dmdiiifc: ; :': The eritradriedi aerosolised 

. • - me 



The connector 6 is of a general T-shape, the aerosol supply conduit 60 subtending an 

; 25 of the inlet 61 of th<e gas conduit is co-axial with the lori of the outlet 62 

of the gas conduit, and the gas conduit tapers slighfly outwardly between the inl^^ 
and the outlet 62. 



30 



It will be appreciated that the angle subtended between the aerosol supply conduit 60 
and the inlet 61 of the gas conduit may be any suitable angle in the range of from 60° 
to 90°, but preferably less than 90°, and most preferably from 60° to 80°, to induce 
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the entrained aerosolised medicament/gas mixture to pass out of the gas conduit 
through the outlet 62, in particular when the apparatus 1 is used in a floor use non- 
ventilator appl^ 



5 The aerosol supply eoriduit 60 ^ttid the gas conduit meet at a junction 63 (Pig. 1). In 

the assembled apparatus 1, the aerosol supply conduit 60 of the connector 6 is 
releasably mounted to the neck 30 of the aerosol generator housing 4 by means of a 
push-fit arrangement This enables the connector 6 to be easily dismounted from the 
aerosol generator housing 4, for example for cleaning. The neck 30 at least partially 
10 lines the interior of the aerosol supply conduit 60, as illustrated in Fig. 1. 



The inlet 61 Of the gas conduit may be confiected to a ventilator 70 which pumps a 
gas, such as air, into the gas conduit, alternatively the apparatus 1 may be employed 

15 atmosphere. ' . . 



Tlie apparatus 1 also includes a controller 50 as illustrated in Fig. 7, to control 
operation of and to supply power to the aerosol generator 3 # The reservoir 2 has a 
signal interface port 38 fixed to the lower portion 7 of the reservoir 2 to receive a 
20 <xmtrol signal from the controUer 50. ^ 

s^ 



the operation of the aerosol generator 3 and to supply power to the aerosol generator 



The power source for the coritroller 50 may be an Onboard power source, such as a 
r^ 

ventUatbr power source. When the remote power source is an AC mains power 
30 source, an AC-DC converter may be connected between the AC: power source and 
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the controller 50. A power connection lead may be provided to connect a power 

source. 



The controller 50 has a housing 57, and a user interface to selectively control 
operation of the aerosol generator 3. Preferably the user interface is provided on the 
housing 57 which, in use, is located remote from the aerosol generator housing 4. 
The user interface may be in the form of, for example, an oii-off button 54, or a reset 
button. 



j 10 A selectively programmable timer may be provided by the controller 50 to 

automatically switch the aerosol generator 3 between an active state and a rest state. 
F6t example, the timer may be configured switch the aerosol generator 3 from an 
^ The timer may 

alternatively be configured to activate generation of the aerosol a short period after 
15 commencement of an inhalation cycle, for example within 20 milliseconds, and to 

cease generation of the aerosol a short period after commencement of an exhalation 
cycle, for example within 20 milliseconds. 

Status indication means are also provided on the housing 57 to indicate the 

may be in the form of two visible LED's, with one LED 55 being used to indicate a: 
' * 15 minute timer cycle, and the other LED 56 being used to indicate a 30 minute 

..■ timer cycle, ^tematiyely one LED 55 may be used to in^cate ah operation state 
of the aerosol generator 3, and the other LED 56 may be used to indicate a rest state 
25 of the aerosol generator 3. 

A fault indicator 58 is also provided in the form of an LED on the housing 57: A : 

•ba^ 

:\ ;:^usi^g5^.;.;;; 

: : 30 . "T^\ ""'V . "' . . ' ' ... . . 
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In use, the cap 10 is mounted at the access opening 9 in a snap-fit manner to close 
the opening 9. The plug 12 is men moved from me sealed position (Fig. 6) to the 
open position (Fig. 5) by l^gihgmemtih to the open position, and a volume of 
^^i^ inlet port 11 into the reservoir 2. 



Typically a supply <x>ntainer, such as a nebule 20 (Fig. 5) or a syringe, is used to 
deliver the liquid medicament Uirough the inlet port 11 into the reservoir 2. In the 
case of nebule 20, a delivery up 21 is defined at an end of nebule 20 for mating with 
the inlet port 11 by inserting the delivery tip 21 at least partially through the inlet 
( ~f, 10 port 11. In this way, the volume of liquid medicament may be easily and quickly 

d e«vered intomei^ervoir 2. m particular, it is not necessary to dfe^ 
of me assembled apparatus 1 to deliver the liquid medicament into the reservoir 2. 

When the desired volume of liquid medicament has been delivered into the reservoir 
15 2, the arm 13 is hinged to the closed position and the inlet port 11 is sealed by the 

plug 12 (Fig. 6). 

The nebule 20 preferably includes markings to indicate the volume of liquid 
medicament delivered into the reservoir 2. This provides an accurate means of 
20 measuring the volume of liquid medicament being delivered to the respiratory 

system of a patient. 



By distancing the inlet port 11 to the reservoir 2 from the aerosol generator 3 at the 
outlet 16, this arrangement creates a sterile barrier between the carer delivering the 
25 liquid medicament into the reservoir 2 and me respiratory system of the patient. 

The liquid medicament in the reservok 2 flows by gravitational action towards the 
aerosol generator 3 at the lower medicament outlet ; 1 6 (Flo w G) 



30 



The connector 6 is then releasably mounted to the aerosol generator housing 4 at the 
aerosol supply conduit 60 by means of an interference fit between the neck 30 of the 
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aerosol generator housing 4 and the aerosol supply conduit 60 of the connector 6 

? ig,l): ' r:-::'.:-:::.:::::..:'.. 'r: ™t:.±,;::;: : :, . •.. :: : . :.:" : Y " 



The docking member 51 of the control lead 52 is mated with the signal interface port 
5 38 on the reservoir 2 to connect the controller 50 to the aerosol generator 3 The 
controller 50 may then be activated to supply power and a control signal to the 
aerosol generator 3, which causes the piezoelectric element 42 to vibrate the non- 
planar member 40. This vibration of the non-planar member 40 causes the liquid 
medicament at the top surface of the member 40 to pass through the apertures to the 
« ~y 10 lower surface where the medicament is aerosolised by the ejection of small droplets 
"•' of medicament 



the aerosol generator housing 4 (Flow A) , which is mounted within the aerosol 
15 supply conduit 60 of the connector 6, and into the gas conduit of the connector 6 

(Flow B). The aerosolised medicament is entrained in the gas conduit with: a gas, 
such as air, which passes into the gas conduit through the inlet 61 (Flow C). The 
entrained mixture of the aerosolised medicament and the gas then passes out of the 
gas conduit through the outlet 62 (Flow D) and on to the respiratory system of the 
20 patient 

As me aerosolised medico system of 

: P a tie^ 

The reservoir 2 may be quickly and easily refilled by opening the seal at the inlet 
25 port 11 and delivering liquid medicament through the inlet port 11 into me reservoir 

2, as described previously with reference to Figs. 5 and 6. It is not necessary to . 
dismount any parts of the apparatus 1 during refilling of the reservoir 2. 

The generation of aerosolised medicament at the aerosol generator 3 may continue 
30 during refilling, or alternatively the generation may be temporarily stopped during 

refilling. 
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25 



The refUl arrangement of the reservoir 2 enables the apparatus 1 to be reused many 
times; 



^ reservoir 2 and aerosol 

generator housing 4 is polysulphone. By manufacturing these components of the 
apparatus from polysulphone, this enables these components to be autoclaved for 
multiple use of the same apparatus. Preferably the connector 6, the reservoir 2 and 
®£ aeroso ^ ? en6ratdr 4 are suitable to be autoclaved up to 100 times. 

An alternative material for the connector 6, and for the integral reservoir 2 and 
aerosol generator housing 4 is polycarbonate. This reduces the component cost, 
however the number of times these components can be autoclaved and re-used is also 
reduced by using polycarbonate. •• 



Referring now to Figs. 8 and 9, there is illustrated another connector 64, which is 
similar to the connector 6 of Figs. 1 and 2, and similar elements in Figs. 8 and 9 are 
assigned the same reference numerals. 



20 Theconnector 64 may be substituted for the connector 6, and mereaffer Operation of 

the apparatus 1 of the invention using the connector 64 proceeds in a manner similar 
to that described previously with reference to Figs. 1 to 7. The gas conduit of the 
connector 64 has a smaller diameter and is longer than the gas conduit of the 



connector 6 of Figs. 1 and 2. 



A respiratory conduit, such as a face mask 50 to assist breathing of a patient (Fig; 
10), or a mouthpiece 51 (Figs. 11 and 12), or an inter-tracheal tube 52 (Fig. 13) may 
be provided to connect the outlet 62 of the gas conduit with me respiratory system of 
the patient. The respiratory conduit 50, 51, 52 may be mounted to the connector 64 
30 at the outlet 62 of the gas conduit in a releasable manner, for example by means of 
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an interference fit between the respiratory conduit 50, 51, 52 and the outlet 62 of the 
gas conduit (FigsriO, 11, 13); ■ 

The apparatus 1 is lightweight. By mounting the apparatus 1 to the face mask 50 

® the face mask 50 and me outlet 62 of the gas 

conduit, the face mask 50 being in turn held in place on the patient by means of 
straps. 



The delivery path between the aerosol generator 3 and the respiratory system of the 
flow disrupters are provided along the delivery path. 

61 of the gas conduit. The ventilator conduit 53 may be mounted to the connector 64 
at the inlet 61 of the gas conduit in a releasable manner, for example by means of an 
interference fit between the ventilator conduit 53 and the inlet 61 of the gas conduit 
(Fig. 14). The ventilator can be used to pump air, or oxygen, or any other suitable 
20 gas or , 



4 1 Fi & 14 illustrates the assembled apparatus 1 of the invention with the ventilator 

conduit 53 mounted to the inlet 61 of the gas conduit, and the respiratory conduit 
mounted to the outlet 62 of the gas conduit. The respiratoiy conduit mcludes a Y- 
shaped section 54 which separates into a first arm 55 for inhalation to the respiratory 
system of the patient (Flow E) and a second arm 56 for exhalation from the 
; - respu^toiy system (Flow F) .: " .::::rr : " • \ : ■ 



30 



It will be appreciated that any of the face mask 50, or the mouthpiece 51, or the inter- 
tracheal tube 52 may be provided between the first arm 55 and the respiratory 

system/" 
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In use, a ventilator pumps a gas, such as air, through the ventilator conduit 53 into 
the inlet 61 of the gas conduit (Flow E). The generated aerosol of medicament 
passes from the aerosol generator 3 through the neck 30 of the aerosol generator 
5 housing 4; which lines the aerosol supply w of the connector 64, and into 

the gas conduit of the connector 64. The aerosolised medicament is entrained with 
the air in the gas conduit, and the entrained mixture passes out of the gas conduit 
through the outlet 62 and into an inlet tube 157 of the Y-shaped section 54. The 
entrained mixture then passes through the first arm 55 to the respiratory system of 
10 the patient (Flow E). Upon exhalation, the exhaled gases pass from the respiratory 



It will further be appreciated that the Y-shaped section 54 may be provided upstream 
15 ; of Ae apparatus 1 to 

A capping device 70 may be provided for the connector 64 to selectively seal the 
aerosol as iiiju^^ • 15 and 1 & In this case*; the capping 

device 70 comprises an insertion plug 71 connected to a mounting ring 73 by an arm 
20 72. The ring 73 is usually mounted around the gas conduit (Fig. 15). 

The capping device 70 may be used to seal the aerosol supply conduit 60 by inserting 

25 supply conduit 60, this ensures that the pressure in the gas coiaduit is maintained 

when the aerosol generator housing 4 has been dismounted. This is particularly 

a ; ventilator circuity 

^ iUustrat^ m 

maintained by the cappihg device 70 when the aerosol generator housing 4 has been 
30 disn^ 
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A tab 74 oil the plug 71 enables ease of removal of the plug 71 from within the 
aerosol supply conduit 60. 



When riot in iise, the capping device 70 ma^^ the ring 73 mounted 

around the gas whdui t 



The capping device 70 is also suitable for use with the connector 6; as illustrated in 



10 It will further be appreciated that the capping device 70 may be used to seal any 



suitable part of a pressure circuit 



Referring now to Figs. 1 7 (a) to 17 (c) , there is iUustrated another connector 300, 
which is similar to the connector 6 of Figs. 1 and 2, and similar elements in Figs. 
15 17(a) and 17(b) are assigned the sam 



In this case, the aerosol supply conduit 60 is substantially perpendicular to the gas 

cbnduit, the^ a 

witfr^ 



In addition, the gas conduit of the connector 300 has a subs ta[ntially smaller diameter, 
for; example ^ 1 5mm, than the gas conduit of the wrinector 6 of Figs. 1 

- and 2. The connector 300 is thus particu larly suitable for use in a paediatric care 
a for both the 

25 connector 300 and the connector 6 of Figis. 1 and 2. A suitable diameter for the 

aerosol supply conduit 60 may be, as an example, approximately 22mm. 



30 



Fig. 17(c) illustrates the apparatus of the invention with a small diameter paediatric 
ventilator conduit 353 releasably mounted to the connector 300 at the inlet 61 of the 
gas conduit by means of an interference fit between the male ventilator conduit 353 
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and the female? inlet part 61. A small diameter paediatric Y-shaped respiratory 
section 354 is releasably mounted to the connector 300 at the outlet 62 of the gas 
a)nduit:by means of an interference fit between the female inlet tube 157 of the Y- 
shaped section 354 and the male outlet part 62. The Y-shaped section 354 separates 
into a first arm 55 for inhalation to the respiratory system of the patient (Plow E) and 
a second arm 56 for exhalation from the respiratory system (Flow F). 



The paediatric apparatus of Fig. 17(c) operates in a manner similar to that described 
previously with reference to Fig, 14. 



Figs. 17(d) and 17(e) illustrate an upstream intermediate connector 400 having an 
upstream end 402 and a downstream end 403. A lumen 406 extends through the 
intermediate connector 400 from the upstream and 402 to the dowmtream end 403- 
As illustrated in Fig. 17(e) , the cross-sectional area of the lumen 406 increases along 
15 tifte l^gth of the internnediate coruiectpr 400 from the upstream end 402 to the 

ddwnstr^am end 403 in a dis continu ou s fashion at an elbow 408. 

In Figs. 17(f) and 1^ 

having an upstream end 404 and a downstream end 405. A lumen 407 extends 
20 through the m from the upstream end 404 to the 

downstream end 405. As illustrated in Fig. 17(g) the cross-sectional area of the 
lumen 407 decreases along the length of the intermediate connector 401 from the 
upstream end 404 to the downstream end 405 in a discoritiriubus fashion at two 
elbows 409, 410. 

• 0t\e upsiteam inteimediate corih^tpr 400 may be relfe^ably mounted to the inlet 61 
y::/:.::;;L:;r ffi^ans of an intetto the 

female iitilet part 61 and the male downstream end 403 of the intermediate connector 
400 (Fig. 17(h)). Similarly the downstream intermediate connector 401 may be 
30 releasably mounted to the outlet 62 of the gas conduit of the connector 300 by means 
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of an interference fit between the female upstream end 404 of the intermediate 
^P^^i®P i^Pi' the male outlet part 62 (Fig; 1 7(li) ) . 

As illustrated in Fig. 17(1), a very small diameter, for example approximately 7.5mm, 
5 n^-natkl y^itilator conduit 42^ 

402 of the upstream intermediate connector 400 by means of an interference fit 

^ connector 400 

and the male ventilator conduit 420. Similarly a very small diameter, for example 
approximately 7.5mm, neb-natal Y-shaped respiratory section 421 may be releasably 
10 mounted to the downstream end 405 of the downstream intermediate connector 401 

by n?eans of an interference fit between the male: Met tube 157 of the Y-shaped 
section 421 arid the female downstream aid 405 of the downstream ihtermediate 
• connector 401. ' - • : :.": v ':: : :" 

15 In this manner, the intermediate connectors 400, 401 may be used to facilitate 

assembly of the connector 300 within a neo-natal breathing circuit, as illustrated in 
^ ^ Kg- 17(i). In particular, the upstream 

in the cross-sectional area of the flow from the smaller diameter neo-natal ventilator 
caaAtjSt 420 to lar S er diameter gas conduit of the connector 300. Also the 
20 downstream intermediate connector 401 provides a step-down in the cross-sectional 

area of the flow from the larger diameter gas conduit of the connector 300 to the 
[ smaller diameter neo-natal Y-shaped respiratory section 421. 

^ he ^' sliaped section 421 separates into a first arm 55 for inhalation to the 
25 respiratory system of the patient (Flow E) and a second arm 56 for exhalation from 

the respiratory system (Flow F). Operation of the tieo-natai apparatus of Fig. 17(0 
operates in a mariner similar to that described previously with reference to Fig. 14. 

'It\%:^^ nd^jthat .the infenn^ate connectors 400, 401 provide a bridging rnearis 
30 between the connector 300 arid the ventilator conduit 420 and the Y-shaped section 
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421, so that a single connector 300 may be used for both paediatric care applications 
(Fig. 17(c)) and neo-natal care applications (Fig. 17(0). 



The upstream intermediate connector 430 of Fig. 17(f) has two diametrically 
5 opposed protruding flanges 431 on the elbow 408 of the intermediate connector 430. 

Similarly the ddwris^ connector 432 of Fig. 17 (fc) has two 

; flanges ^ intermediate 

connector 432. 

& and deritounting pf the intermediate (ttnneptors 430 , 432 

to the ^ iii Fig. l7(m). Tliis feature applied to any 

of the connectors. 6 

15 Referring now to Figs. 18 to 20, there are illustrated some possible arrangements for 

using ffie appara^ to the invention, ^ medicament to a 

r^pixatpry system 203 of a patient 

In the arrangement of Fig. 18, gas is pumped from a ventilator 200; into the inlet 61 
20 of the gas conduit (line G). The power source for the controller 50 which controls 

operation of the apparatus 1 is provided by the ventilator 200 (line P). 

In the arrangement of Fig ? 19, gas is pumped from the ventilator 200 into the inlet 61 
of the gas conduit (line G). The power source for the controller 50 is provided by a 

In the arrangement of Fig. 20, gas is drawh into the inlet 61 of the gas conduit 
direptly . from; the atmosjphe^e 204 (line G) ; The power source for the controller 50 is 
proyidied by ffie battery 201 and/or the mains power source 202 and/or the ventilator 
30 . • : 200 (lihes P): I '.. 
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In the case where the power source is provided by the battery 201, and the inlet 61 is 
open to the atmosphere 204, the apparatus 1 is highly mobile. In particular, the 
apparatus 1 may be worn or held by the patient as the patient takes exercise. 

Fig; 21 illustrates a rear side of the controller housing 57. The housing 57 defines a 
recess 260 in the rear side of the housing 57, and two opposed ledges 261, 262 which 
overhang partia|ly over recess ^ in FigJ 22. 

:S the mounting 

10 d^ 250 to a support, such as an 

intravenous (TV) pole or a medi-rail, and hook means for supporting a medical 
device, such as me controUer housing 57. 
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■ T^^-o^0m00^^^ provided, in this c^e, by a releasable clamp 25i; The 
15 attachment means may alternatively be provided by a clip, such as a belt-clip. 

The hook means is configured to define a plurality of, in this case four, support 
surfaces 252 for supporting the housing 57 in an upright configuration. The support 
:';,;^acesi-252 are provided by a li^ from a main body 254 of the 

255 (Fig. 23). 

In this case, the mounting device 250 is used to support the controUer housing 57, as 
illustrated in Figs. 24 and 25. The lip 253 of the mounting device 250 may be 
25 inserted into the wider end of the recess 260 in the; rear side of the controller housing 
57 and then slid along the recess 260 until the Up 253 is partially enclosed behind the 
ledges 261, 262. In this configuration, the controller housing 57 is releasably 
. supported by the mounting device 250 (Figs. 24 and 25). 



30 



The lip 253 comprises a plurality of support surfaces 252. This arrangement enables 
the controller housing 57, or any other suitable medical device, to be supported in an 



m 
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upright orientation when the mounting device 250 is clamped to a horizontal support, 
such as a medi-rail (Fig. 24), or when the mounting device 250 is clamped to a 
vertical support* siieh^^ 

It will be appreciated that the support surfaces 252 may be arranged at angles other 
than : 90° relative: to one another. 



I^^gi now tp;^ illustrated another mounting device which 

is similar to the ^ 23 to 25, and similar elements in Figs. 

/ •- 10 - • ; 26 and 27 are assigned the same reference numerals. 

In this case, the attachment ; mMns ^ by a sleeve 270 arid the hook means 

ma Y be moved relative to the sleeve 270 to selectively disassociate the hook means 
from the attachment means. The sleeve 270 defines a groove 271 in whidi the main 
15 body 254 may be slidably received (Fig. 26). 

The sleeve 270 may be permanently or temporarily attached to a support, such as a 
medi-rail, or an IV pole, or a ventilator 200, as illustrated in Fig. 27, by means of 
fixing pins inserted through apertures 272 in sleeve 270. 

Referring to Fig^ 

^Y^ tib ^^ 1 of Figs. 1 to 27, ^ 

Figs . ^ 

*?*$^ 

defined by the neck 3(jj of the aerosol generator housing 4, and the inlet 1 02 of the 
gas conduit extends co-axiaUy around the neck 30. 

A plurality of inward protrusions 103 are provided on the inlet 102 of the gas 
30 conduit, spaced radially arb^ the inlet 102 (Fig, 28). The 

con ^ e(ito ^ 1 ® 1 ^ r eieasately mounted to the aerosol generator housing 4 by means of 
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an interference fit between the protrusions 103 and the neck 30 of this aerosol 
generat^ housing 4; 



This arrangement facilitates passage of air into the inlet 102 of the gas conduit 



Ah intermediate elbow portion 104 is provided to connect the face mask 50 to the 
outlet 105 of the gas conduit. The elbow 104 is mounted to the face mask 50 in such 
a manner that movement of the face mask 50 relative to the elbow 104 is possible, in 
10 particular the face mask 50 is rotatable about the elbow 104. The elbow 104 is also 

mounted to the outlet 105 of the gas conduit in a moveable manner, in particular 
rotation 

outlet 105 of the gas conduit is possible, as illustrated in Fig. 28. This aiiTangeriient 
facili^ 

15 ! ly irig positito inciinai position, while maintaining the reservoir 2 and the 

aerosol generator housing 4 assembly in a suitable orientation that enables 
gravitational flow of the liquid medicament from the reservoir; 2 to the aerosol 



20 The apparatus 1 00 is also suitable for use with the mouthpiece 51, as illustrated in 

Fig. 30, or with any other suitable r^^ 



The power usage of the apparatus 1 is relatively low, in this case approximately 
25 1.5W, thus the associated heat generated during use is negligible. The apparatus 1 

:: L-:roay_" ffieref p -to the patient as desired* even toiichirig the patierit 

for long periods of use without causing discomfort to the patient, or without burning 
the patient. 



30 



The cap 10 is mounted to the reservoir 2. Therefore, there are no loose parts which 
could be contaminated, broken or lost during filling or refilling of the reservoir 2. 
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the aerosol generator 3 produces an aerosol of medication with consistent mono- 
dispersed particle within a controlled range of aerosol particle sizes. No 
filters/baffles or flow disrupters are required between the aerosol generator and the 
r^piiratory system of the patient, and no degradation of the medicatibil occurs as a 
r^ult of the^a ; : : 



The inv hereinbefore described, with 

reference to the accompanying drawings, which may be varied in construction and 
detail. 
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Claims 



1. An apparatus for delivery of a medicament to a respiratory system, the 
• ^ apparatus: 

a f^ervpir fdr a liquid medicament for delivery to a respiratory system ; 
A and a medicament 



an aerosol generator at the m the reservoir for 

aerosolising a liquid m^icament; and 

a connector for eriibrauiihg ah aerdsolised medicament from the aerosol 
'15 g^erator mth a gais. 

- : -.;2;-. An apparatus as claimed in claim 1 wherein the irf 

port and the outlet is a lower outlet for gravitational flow of a liquid 
medicament from the reservoir to the aerosol generator. 



An apparatus as claimed in claim 2 wherein the apparatus comprises a plug 
for selectively sealing the inlet port. 



4. ; Ah apparatus as claimed in claim 3 wherein the plug is attached to the 
25 reservoir for movement between a sealed position and an open position. 



5. An apparatus as claimed in claim 4 wherein the plug is attached to the 
l^ervdirby ah arm. 



30 6. 



An apparatus as claimed in claim 5 wherein the arm is biased towards the 
open position. 
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7. An apparatus as claimed in claim 5 wherein the arm defines a hinge for 
pivoting of the piiig between the sealed position an open position. 

5 8. Anapp^tus^ 

9. An apparatus is claimed in claim 5 wherein the plug is integral with the anh. 

10; ^ with at least 

10 part of the reservoir. 

11. An apparatus as claimed in claim 1 wherein the reservoir defines an access 
opening in a wall of the reservoir to facilitate access to an interior of the 
reservoir, arid the reservoir comprises a cap for mounting at the acceiss 

15 • opening. ... . . . 

12. An appara^ as clato in claim 11 wherein the inlet port is small relative to 
'•" the acceiss opening.; .. 

20 13. An apparatus as claimed in claim 1 1 wherein the inlet pprt is provided 

through the cap. 

14. An apparatus as claimed in claim 13 wherein the plug is integral with the cap. 

25 15; An apparatus as claimed in claim 11 wherein the cap is mouritable at the 

access opening in a; snap-fit arrangement. 

16. An apparatus as Claimed in claim 3 wherein the plug seals the inlet port in a 
snap-fit airsuigement. 
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Ah apparatus as claimed in claim 2 wherein an interior surface of the 
reservoir is configured to promote flow of a liquid medicament towards the 



18. An apparatus as claimed in claim 17 wherein the interior surface of the 
resei^ 



10 



15 



19, 



20. 



An apparatus as claimed ( in claim 18 wherein the reservoir defines a 
substantially Conical shape at least in the region adjacent the aerosol 
generator. . . 



: An • apparatus ^ clatoed in claim i wherein the connector comprises a gas 
cdhdii it My ing ah inlet and an Outlet, and an aerosol supply conduit for 
delivering an aerosolised medicament from the aerosol generator into the gas 
Cbndtiit : to entrain the aerosolised medicainent with a gas. 



: -2i'.; ; •;: An? ^ijara^ 6lkiiitl^d in claim 20 whetein the aerosol -supply conduit 
subtends an angle of less than 90° with the inlet of the gas conduit. 



20 22^ 

subtends ail angle of less than 80° with the inlet of the gas conduit 



25 



23. 



24r 



Ail apparatus -as claimed in claim 22 wherein the aerosol supply conduit 
subtends an angle of about 75° with the inlet of the gas conduit. 



An apparatus as claimed in claim 20 wherein the aerosol supply conduit is 
co-axial with the inlet of the gas conduit 



30 



25. 



An apparatus as claimed in claim 24 wherein the inlet of the gas conduit 
extends co-axially around the aerosol supply conduit. 
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26. An \ apparatus as claimed in claim 20 wherein the aerosol supply conduit 
subtends an angle of 90 6 with the inlet of the gas conduit. 



27. An apparatus as claimed in claim 20 wherein the apparatus comprises a 
respiratory conduit for connecting the outlet of the gas conduit to a 
respiratory system. 



28. An apparatus as claimed in claim 27 wherein the respiratory conduit is 
releasably mdtinted to the connector at the outlet of the gas conduit 



15 mounted to the connector by an interference fit between the rapiratqry 



. 31 . ^ . : >^il /appMattis : : as ::^I>tirrie<l in claim 28 wherein the apparattis comprises an 
intermediate connector mounted between the respiratory conduit and the 
: : 20 outlet of the gas t^duit 

32i An apparatus as claimed in claim 31 wherein the intermediate connector has 
a lumen extending therethrough, and the cross-sectional area of the lumen 

::: 

25 



33i: An apparatus as claimed in claim 32 wherein the cross-sectional ar 
lumen varies in a discontinuous manner along the length of the lumen. 
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34. An apparatus as claimed in claim 31 wherein the respiratory conduit is 
mounted to the int^mediate connector by an interference fit between the 



35. An apparatus as claimed in claim 31 wherein the intermediate connector is 
rnxDunted to the; outlet -of :^ fit between the 



36. An apparatus as claimed in claim 31 wherein the intermediate connector 
| y ■ cpmp^es han^ 



37. An apparatus as claimed in claim 36 wherein the handle means comprises 
one or more formations on the intermediate connector. 



15 38. An apparatus as claimed in claims 37 wherein the formation comprises a 
: pro tiding fiangei 

39. An apparatus as claimed in claim 38 wherein the handle means comprises 
two substantially diametrically opposed prdtitidirig flanges. 

20 

40. ^ ^ is 
moveable relatiye to 

41. An apparatus as claimed in claim 40 wherein the respiratory conduit is 
25 rotatable about the longitudinal axis of the outlet of the gas conduit 

42. An apparatus as claimed in claim 27 wherein the respiratory conduit is 
selected from a group consisting of a mouthpiece, a face mask, and an inter- 
tracheal tube. : : " 
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43. An apparatus as claimed in claim 42 wherein the respiratory conduit 
comprises an intermediate portion between the outlet of the gas conduit and 
the mouthpiece, or the face mask, or the inter-tracheal tube, the intermediate 
portion being moveable relative to the mouthpiece, or the face mask, or the 
inter-tracheal tube. 



44. An apparatus; as clMm^ m daim 27 wherein the respiratory conduit defines a 
; ctelivery patto tb -a 

distance between the ^ ^ getierator and the respiratory system* the 
("") : id delivery pa^ 



45. An apparatus as claimed in claim 44 wherein the respiratory conduit has a 
delivery path; of less than about 300mm. 

15 46. Aii a;pparatus as claimed in claim 44 wherein the deliyeiy path is 

substantially free of baffles and/or flow disrupters. 

47. An apparatus as claimed in claim 27 wherein the respiratory conduit includes 
a Y-shaped section which separates into a first arm for inhalation to a 
20 respiratoiy system and a second arm for exhalation from a respiratory system. 



48. An apparatus as claimed in claim 20 to wherein the apparatus comprises a 
ventilator conduit for connecting the inlet of the gas conduit to a ventilator. 

25 49; An apparatus as claimed in claim 48 wherein the ventilator conduit is 

mounted to fte connector at the inlet of the gas conduit 



50, 



An apparatus as claimed in blaim 49 wherein the ventilator conduit is 
releasably mounted to the connector at the iiilet of the gas conduit. 
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51. An apparatus as claimed in claim 48 wherein the ventilator conduit is 
mounted to the connector by an interference fit between the ventilator conduit 
and the inlet /of tihe gas conduit 



5 52o An apparatus as claimed in claim 49 wherein the apparatus comprises an 

inlet 



f"y Jo a lumen extending therethrough, and ^ of the lumen 



54. An apparatus as claimed in claim 53 wherein the cross-sectional area of the 
lumen varies in a discontinuous mariner along the length of the lumen. 



55w An wherein the ventilator conduit is 

mounted to the intermediate connector by an interference fit between the 



20 56. An apparatus as claimed in claim 52 wherein the intermediate connector is 

mounted to the inlet of the gas conduit by an interference fit between the 



57. An apparatus as claimed in claim 52 wherein the mterinediate connector 
25 comprises handle means 



58. An apparatus as claimed in claim 57 wherein the handle means comprises 
one or more fom 
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59. 



An apparatus as claimed in claim 58 wherein the formation comprises a 
protruding flatige.: 
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60 An apparatus as claimed in claim 59 wherein the handle means comprises 
two . 



5 61, An apparatus as claimed in claim 20 wherein the apparatus comprises an 

aerosol generator housing in which the aerosol generator is held, and the 
connector is mounted to the aerosol generator housing. 



15 
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62. An appa^ wherein the connector is releasably 



63. An apparatus as claimed in claim 61 wherein the connector is mounted to the 
aerosol generator housing by an interference fit between the aerosol generator 
housing and the aerosol supply conduit. 



64. An apparatus as claimed in claim 61 wherein the connector is mounted to the 
aerosol generator housing by an ; interference fit between the aerosol genOT 



20 65 ^ iapip^aitus as blaimeci in claim 6 1 wherein the housing is 



66. An apparatus as claimed in claim 65 wherein the aerosol generator housing is 

m 



67. An apparatus as claimed in claim 61 wherein the apparatus comprises a 
signal interface to receive a control signal to control operation of the aerosol 
- generator. 
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An apparatus as claimed in claim 67 wherein the apparatus comprises a 
controller to control operation of the aerosol generator, the controller being 
conneetable to die signal interface. 



69. 



An apparatus as claimed in claim 68 wherein the controller has an on^board 
power source. 



10 



70 i An apparatus as claimed in claim 68 wherein the controller comprises a 
power connector, the power connector being conneetable to a remote power 
source; . r; . 



15 



71. ^^^a^ a timer 
to automatically switch the aerosol generator between an active state and a 
rest state. 

72. An apparatus as claimed in claim 71 wherein the timer is selectively 
programmable. 



20 



73. Art apparattis claimed in claim 68 wherein the controller comprises a user 
interface to selectively control operation of the aerosol generator. 



74; : An : apparatus as claimed in claim 73 wherein the user interface is rembte 
from the aerosol 



25 75. An apparatus as claimed in claim 68 yvim controller comprises status 

indication means to indicate the opfera^ 



76. 



An apparatus as claimed in claim 75 wherein the status indication means 
comprises at least one visual indicator. 
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77. An apparatus as claimed in claim 68 wherein the controller comprises a 
housing having a support to receive a mounting device. 



78. Ail apparatus as claimed in claim 77 wherein the support comprises a recess 
in the housing for receiving a mounting device. 

79. An apparatus as claimed in claim 78 wherein the support comprises at least 
one ledge Overhanging the recess for engagement of a mounting device in the 

- . recess. - 



80. An apparatus as cliaihied in claim 79 wherein the support comprises two 
l^ges on <^ 

81 . An apparatus as claimed in claim 77 wherein the apparatus comprises a 
15 mounting device to support the controller. 

82. An apparatus as claimed in claim 81 wherein the mounting device comprises 
means for attaching the mounting device to a support; and hook means for 
supporting the housing, the hook means being configured to define a plurality 

20 of support surfaces for supporting the housing in an upright configuration. 

83. An apparatus as claimed in claim 82 wherein the support surfaces each 
comprise a lip protruding from a main body of the mounting device. 

25 84. An apparatus as claimed in claim 83 wherein the lip is engagable in the 

85. An apparatus as claimed in claim 82 \yherein the hook means defines four 
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86. Ah apparatus as claimed in claim 85 wherein each support surface is 
substantially perpendicular to an adjacent support surface. 



87. An apparatus as claimed in claim 82 wherein the attachment means is 
releaisable. 



88. Ah app^atus as claimed in claim 82 wherein the attachment means 
comprises a clamps 



y 10 89, " : ^ the hook means is movable 

relative to the attachment means to selectively disassociate the hook means 
from the attachment means. 

90* Ah apparato in claim 89 wherein the attachment means defines a 

15 groove in which the hook meaiis is sUdabie to selectively disassociate the 

: ho 

91; j^a^ aerosol geh^ator comprises a 

vibratable member having a plurality of apertures extending between a first 



92. An apparatus as claimed in claim 91 wherein the first surface is adapted to 
receive a li^ifrm 

25 93. An apparatus as claimed in claim 91 wherein the aerosol generator is 

94. An aipij^atus as claimed in claim £1 wherein the vibratable member is dome 

: 1 :" : : . : ; " : 1 : : ! 1 : : 1 ] * ! r : . : _ * . 
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95. An apparatus as claimed in claim 91 wherein the vibratable member 
comprises a piezoelectric element. 



96: An apparatus as claimed in claim 91 wherein the apertures in the vibratable 
member are sized to aerosolise the medicament by ejecting droplets of 
medicament such that about 70% or more of the droplets by weight have a 
size in the range from about 1 to about 5 



97. A kit for delivery of a medicament to a respiratory system, the kit 

/ y .'",:. . ' 10 comprising:- . ■ ■■ 



an apparatus as claimed in claim 1* and 

a supply container for delivering a liquid medicament through the inlet 
1 5 port into the reservoir. 

98; A kit as claimed in claim 97 wherein the supply container defines a delivery 
tip configured to mate with the inlet port of the reservoir for delivering a 
liquid medicament through the inlet port into the reservoir. 



99. : A kit as dlaimeki; in iA aim 98 wherein thb ^livery tip is coMguried for 



100. A kit as claimed in claim 97 wherein the supply container has indication 
25 means to indicate the volume of liquid medicament delivered into the 

--r^t^fer^^ir**. . : _ :*:.":"" :: '.:.::;:.::.:..*: 

101 A kit as claimed in claim 100 wherein the indication means is provided by at 
least one marking on the supply container. 
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102. A kit as claimed in claim 97 wherein the supply container comprises a 
" riebule. ." • . ' . 



103. A kit as claimed in claim 97 wherein the supply container comprises a 
5 syringe. 

104. A connector for entraining an aerosolised medicament with a gas to deliver 
the medte a resjpii^o^ connector comprising:— 

10 ; a gas condiut hay 

an aerosol supply conduit for deUverihg an aerosblised medicament into 
the gasiro^ a gas; 

IS the cphnectoir comprising a cap to s blectively seal the aerosol supply 

conduit to maintain the pressure in the gas conduit when the connector is 

not in use. ; : _ :.v::;\ 

■ ■■■^ A^ in claim 104 wherein the cap is atto to the gas 

20 conduit. 

• ;\ ;;;;:06. ■ A m the method 

: comprising the steps of:-' 

25 providing a reservoir for a liquid medicament to be delivered to a 

: respiratory system; 



; : ^ : d^ 



30 providing an aerosol generator for aerosoiising the liquid medicament; 
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arranging the aerosol generator beneath the reservoir for gravitational 
flow of the liquid medicament from the reservoir to the aerosol generator; 



aerosolising the liquid medicament; 



107. A method as claim^ ui cla^ step of 

entraining the aerosdlised medicament with a gas before delivering the 



108. A method as claimed in claim 106 wherein the aerosol generator is mounted 
to th£ r^ 



15 109. A method as claimed in claim 106 wherein the method comprises the step of 

vibrating at least part of the aerosol generator to aerosolise the liquid 
medicament. 



110. A method as claimed in claim 106 wherein the method comprises the step of 
20 <Mwrin^ 

111. Am 

medicament is deUvered into the reservoir after all of the liquid medicament 

- in ^ 

112. A method as claimed in claim 110 wherein the further volume of the liquid 
medicament is delivered into the reservoir before all of the liquid medicament 
in the reserybiir has been aerbkolised; 



WO 03/041774 



48 



PCT/IE02/00154 



113. A method as claimed in claim 106 wherein the method comprises the step of 
opening a port to deliver the volume of the liquid medicament through the 
port into the reservoir. 



10 



114. A method as claimed in claim 1 13 wherein the method comprises the step of 
sealing the port after delivering the volume of the liquid medicament into the 

--reservoir, 



115. A method as claimed in claim 114 wherein the port is sealed before the step 
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